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Abstract 
Although the equations for the flat plate, circular arc and symmetrical Joukowski  airfoils are simple and direct those of the 
cambered airfoil are complicated and may be by-passed only because an ingenious geometrical method exist which may be used 
to find both the profile of the airfoil and its pressure distribution namely Karmann-Treffz  geometrical construction. An Alternate 
geometrical method has been proposed in this paper and using fitting line theory, the equation has been arrived and performances 
of airfoils are studied. Few interesting results regarding co-efficient of lift, co-efficient of moment at leading edge and quarter 
chord, zero lift angle, lift co-efficient at zero lift angle has been discussed and compared by using design foil and XFLR. 
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Noorul Islam 
Centre for Higher Education 
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1. INTRODUCTION 
The three methods to construct aerofoil is   by conformal transformation (Joukowski),physical transformation , and 
graphical or geometrical method in this paper we are concentrating mainly on the graphical construction of airfoil 
which is addressed earlier by Karmann and Treffz  von mises who gave theoretical approach. In this construction it 
is slightly modified from the Karman-Trefftz aerofoil graphical transformation. Both the aerofoil graphical 
construction are simplified form of designing an airfoil. We are going to compare the performance of two sample 
profile of those constructions. But the appearance of the profile is getting changed for  the same configuration 
.Advances in the technology of smart actuators and compliant structures have finally made conformable wings a 
realizable goal. As aerodynamic contours can be continuously optimized, wings with actively controlled compliant 
airfoils can be designed. Numerous researches are being carried out to reduce the aerodynamic problems and to 
improve the performance of the vehicles.  
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Nomenclature  
Cl-coefficient of lift 
Cm-coefficient of moment  
-argument angle 
-reflection angle 
Z.L.A-zero lift angle 
-lift coefficient 
-lift coefficient at zero lift angle 
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2. DESCRIPTIVE SECTION: 
About Karman Trefftz construction and modification: 
W=Z+(a^2/Z) 
This transformation was predicted by Joukowski. He explained the construction of aerofoil in theoretical manner 
and analyzed. Two scientist Karman and Trefftz, the followers of Joukowski reduced the complexity from the 
theoretical construction of aerofoil. They predicted the graphical construction usi
without considering the circulation factor in it. They proved it with the help of the analytical derivation and with the 
derivation. the construction of airfoil is achieved with few assumption. It was the first prediction of aerofoil 
construction but the main drawback is the thickness of the profile. The thickness distribution of the aerofoil will help 
the selection of the airfoils,This construction, paved the way for the designing of new airfoils like naca series, etc. 
 Let us come to the modification section of the Karman Trefftz profile, the thickness is the main factor 
which we have to consider, to reduce the thickness of this construction, some modification should do.  
The modification in the Karman Trefftz is 
(01) The  XY axis is taken to the trailing edge of the profile 
(02) There is only one argument in the first quadrant of the XY plane. 
(03) The point where the reflection angle is taking is the point B. 
About the paper: 
The main objective of this paper is the comparison between the Karman Trefftz aerofoil construction and the 
modified aerofoil construction. With this, the appearance of the profile itself explains the parameters of the airfoils 
like co-efficient of lift, zero lift angle, the mean camber  thickness, etc. when compared to 
modified profile gets added advantage. 
ans, the essential parameters Cl, ZLA(Zero Lift Angle) are 
considerably comes with the nearby values of the naca series profiles. 
3. THEORETICAL SECTION: 
 In this section, we shall discuss the airfoils essential parameters analytically.At first, the equation of the 
profile can be find by using the co ordinates of the aerofoil and the gauss elimination.The mean camber line points 
are taken as the co-ordinate points of the profile. The equation of the camber line is split up into 2(i)-up to the 
maximum camber and (ii) from the maximum camber to the next edge .The co-ordinate points are framed into 
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equations and then the equations is arranged in the matrix form. By using the C program code After proceeding with 
the gauss elimination, the constants are found. 
 The equation of the camber line will be  
Ax5 + Bx4+Cx3+Dx2+Ex+F=y ,  (0<x<c) 
According to thin aerofoil theory, the equation of zero lift angle will be 
(1-  
But the limits will vary for the camber line 
To find the limits: 
 X=(c/2)(1-  
 
After the zero lift angle, 
The co-efficient of lift 
 - 0) 
 The value of 0 0 to 14 degrees will give the Cl value. The Cl 
value found is only for the thin aerofoil, because we consider the mean camber alone, we did not consider the 
thickness of the aerofoil . 
 According to peter J.Kunz and Ilan M Kroo, if 8% of thickness will get 35% of reduction in lift curve 
slope.By this CL percentage can be reduced from the following formula 
(35/8)*(Distance from edge to maximum camber/Chord length)*(i) 
Therefore, CL and ZLA are the two parameters which is sufficient to show the comparison between them. 
The value of co efficient of drag is calculated approximately by using the following relation 
 
                                        
Fig 1 Karmann- Treffz airfoil ,     Fig 2 Modified Karmann- Treffz airfoil 
 
 
1761 C.J. Thomas Renald et al. /  Procedia Engineering  38 ( 2012 )  1758 – 1763 
4. Calculation  
For Karmann-Treffz construction: 
 
Y= + + + + + + +  
 
Y= + + + -
0.1489268 (0<x<7) 
 
= + + + + -0.1489268 
X  (1-  
7=  (1-  
 1-  
   
 
= + + +
+ -0.1489268 
 
Z.L.A= (1-  
 
Z.L.A= + + +
+ -0.1489268] (1-  
 
 =-1.4523345+5.732869-8.828407+6.763899-2.710082+0.529317875-0.23339327 
 
Z.L.A(1)   = 0.008204148     (0<x<7) 
 
Y= + + + + + + + (7<X<14) 
Y= + + + +296.16
226 
 
=0.0014847 -0.07841575 +1.6397507 -16.97118186 +86.954956 -176.524673 
=0.0014847 -0.07841575 +1.6397507 -16.97118186
+86.954956 -176.524673 
 
   Z.L.A= (1-  
 
Z.L.A(2)= 6-188.27621( 5+562.434( )4-831.587911(
)3+608.68469( )2-176.524673( )]  
Z.L.A(2)=-0.23769 
 
Z.L.A=Z.L.A(1)+Z.L.A(2) 
Z.L.A =0.008204148-0.23769 =-0.229485852  (RADIANS)=  -13.14857 (DEG) 
CO-EFFICIENT OF LIFT - L=0) =2.9771738 (at 14 ) 
 
Considering thickness factor: 
Maximum thickness = 5.3 cm 
Chord length=14cm 
X= =165.59% [01] 
Reduction in Cl = 165.59% 
Cl =  -1.952728 
1762   C.J. Thomas Renald et al. /  Procedia Engineering  38 ( 2012 )  1758 – 1763 
 
 
 
  
 
 
 
 
Table 1  Comparison of Cl      Table 2 Comparison of Cd 
                    
          Table 3 Comparison of AOA     Fig.3 Cl Vs Angle of Attack 
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Cl 
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software)
CL(Analyti
cal value)
 
Angle of attack 
 
Cl(Analytical value) 
 
CL(using     
software) 
0 0.091895 0.689 
1 0.2015579 0.74 
2 0.31506 0.787 
3 0.4208825 0.829 
4 0.530544772 0.867 
5 0.64207 0.9 
6 0.7498693 0.928 
7 0.8595315 0.951 
8 0.969193857 0.969 
9 1.078856128 0.983 
10 1.18851839 0.991 
11 1.29818067 0.994 
12 1.407842941 0.992 
13 1.517505213 0.984 
14 1.627167484 0.971 
 
Angle of attack 
 
Cd( Analytical 
value) 
 
CD(using 
software) 
0 0 0.0069 
1 0.0035178 0.0083 
2 0.0109976 0.0081 
3 0.0220373 0.009 
4 0.037039 0.0101 
5 0.0560311 0.0113 
6 0.078525 0.0127 
7 0.105011582 0.0132 
8 0.1353249 0.016 
9 0.169466324 0.0189 
10 0.207435591 0.0224 
11 0.249232796 0.0256 
12 0.294857936 0.0292 
13 0.344311011 0.0332 
14 0.397592021 0.0376 
 
AOA 
 
Cm(Analyitcal 
Method) 
 
CM(using 
Softwatre) 
0 -0.339855615 -0.124 
1 -0.36727134 -0.124 
2 -0.394686922 -0.123 
3 -0.42210249 -0.123 
4 -0.449518058 -0.123 
5 -0.476933615 -0.122 
6 -0.50434919 -0.122 
7 -0.53176474 -0.121 
8 -0.559180329 -0.121 
9 -0.586595897 -0.121 
10 -0.614011462 -0.12 
 11 -0.641427032 -0.12 
12 -0.6688426 -0.119 
13 -0.696258168 -0.119 
14 -0.723673736                  -0.119     
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Fig.4       Cd Vs Angle of Attack            Fig.5 Cm Vs Angle of Attack 
   Software results 
                  
Fig.6      Cl/Cd Vs Angle of Attack                                                          Fig.7 Cd VS Angle of Attack 
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